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CHAPTcR I . INfRODUCTION 
Until r ecent years, Mexi co 1 s ma in agr icultural goal was to increase 
tota l agricultural production. 
In order to accomplish this goal, the Mexican government made large 
investments in research programs to develop new technology; similar invest-
ments were ITBde to increase the supply of fertilizers. The government also 
invested large quantities of money and other resources in irrigation pro-
jects, which improved the irrigation practices of areas alrea~y established 
and ITBde possible the opening of new lands for cultivation. Private capi-
tal contributed to the production and distribution of new products for the 
farmers, such as agricultural machinery, pesticides, fertilizers, and im-
proved seeds. The government programs of guaranteed prices, combined with 
the farm insurance policies, helped to reduce the uncertainty of the farm-
ers• investment in agricultural production, and raised their profits. The 
large investments in high-ways and secondary roads helped to connect the 
production areas with the urban ITBrkets. The extension and credit pro-
grams accelerated the agricultural growth. 
All these programs resulted in agricultural development . Mexico's 
average rate of growth in agriculture was approxi mately 6 percent per year. 
The nation went from importing half of the quantity of wheat required to 
satisfy internal demand, to exporting this grain and satisfying internal 
growing deITB nd. The demand for corn was also satisfied and this grain has 
also been exported. The production of export crops such as cotton also had 
a significant increase. 
Now the situation has changed and the new national needs call for a 
2 
mor e planned use of the agricultural r esources . The r esources as well as 
the incentives have to be allocated to rraxirnize the value of agricultural 
output. The r elative production of f ruit, vegetable, and oilseed crops 
have to be increased; while the r elat ive production of some crops such as 
wheat , rice, and beans, which at the present is being encouraged, must be 
decreased . The resources of each production r eg ion must be used more ef-
ficiently; this means that the comparative advantages of the different r e-
gions for producing certain crops must be considered. Regions with abun-
dant labor should produce crops r equiring intens ive use of labor, and the 
same rationale applies to the use of other r esources such as capital or 
land. Resources and incentives should be allocated where they yield the 
maximum benefit to the nation. 
To solve this new pr oblem, i t is necessary to guide production in the 
right dir ect ion; and to do this, we have to know how the different agri-
cultural producers in the country r espond to the various factors that af-
fect the production of specific crops . This must be known for all the dif-
ferent agricultural regions . The general objective of this thesis is to 
analyze changes in agricultural production for one region. 
The area chosen for this study is the irrigated Yaqui Valley which . is 
situated in Northwestern Mexico . It is a relatively homogeneous area with 
a highly commercialized and technically based agriculture . The increase 
in agricultural production in this ar ea is impressive . This increase is a 
r esult of the government and private programs aimed at raising the level 
of the national production. These programs had a great impact in the 
Yaqui Valley because of the willingness of the farmers to adapt new tech-
nology and change traditional patterns of production. 
3 
The specific objectives of this thesis rray be stated as follows: 
1. To describe the area with r espect to its historical development 
and the present organization and technology of production. 
2. To determine the growth trend in production, harvested area and 
yield for each of the three major crops : wheat , cotton, and corn. 
J. To analyze the production response function for the three major 
crops with respect to the variables in the following categories: 
envirorur£ntal 
technological 
institutional 
economic 
4. To suggest addit ional research needed for impr oving the value 
productiv ity of t he r egion in accordance with nat ional goals . 
4 
CHAPTER II . THE YAQUI VALl.EY, HISTORICAL DEVELOPMENT, AID IBE P~ENI' 
ORGANIZATION AID !ECHNOLOG! OF PRODUCTION 
Geopr aphic char acteristics 
The Northwest of Mexico is constituted by the states of ~onora, ~ina-
loa, and the Baja California Peninsula . The Yaqui Valley is located in 
~outhwestern ~onora, between the 27° 10 1 and 27° 40 1 North latitude; and 
109° 50 1 to 110° 40 1 longitude, west of the Greenwich Meridian (1, p. 4). 
This Valley contains an area of about 450,000 hectares which is bound-
ed to the north by the Bacatete mountain range, to the south and west by 
the alkali soils that s epar ate it from the Gulf of California, and to the 
east by the ~ierra ¥iadr e Occidental and the Mayo River (15, p. 5) . 
A dry clima t e predominates through the Valley; with the t emperature 
ranging from 48° C. during the summer to -1° C. during the winter, with a 
mean of 26 .5° C. for the whole year . The vegetation can be classified as 
a des ert; and its annual precipitation is 294 mm., which means that rain-
fall is not enough to support dry land agriculture (1, p. 4). 
The s oi ls of the Valley are quite fertile. The only plant nutrient 
cor.unonly used is nitrogen, but in recent years some soils have shown a 
lack of phosphorus . 
The Yaqui Valley can be divided into three zones: 1 Valle Nuevo , or 
the land that has been r ecently opened for cultivation (1952 ); Valle Vie j o2) 
1New Valley. 
20ld Valley. 
5 
the land that has been worked for more than 40 years ; and the zone of the 
Rio Muerto1 (1, p. 4) . 
Tenurz system 
The number of landholders in the Valley was around 9,000 in 1963 and 
their area in crops was around 229,000 hectares . This area is held by 
farmers in the three tenure systems that are common in Mexico . 
Table 1. Yaqui Valley, Mexico. Number of landholders and hectares in 
crops by tenure of holder in 1963a 
LANDHOLDERS AREA IN CROPS HECTARES 
TENUKE OF PER 
HOLDER NUMBER PERCENf HECTARES P'iRCENr HOLDER 
Smal l owners 2,262 25.5 122,023 55 .1 53 . 9 
Colonos 1,200 13. 6 24, 072 10. 9 20 . 1 
Total 3,462 39.1 146, 095 66.0 42 . 2 
Ejidatarios 5,399 60. 9 75,136 34. 0 13. 9 
GRAID TOTAL 8,861 100. 0 221,231 100. 0 25.o 
asource : (7, P• 74). 
There were 5,400 ejidatarios2 with an area harvested of 75,136 hec-
tares; l ·,200 colonos3 with 24,072 hectares; and 2,262 private owners i.;ith 
1nead River . 
2An e j ido is an extension of land given to a group of f armers with all 
the rights to ·work it, but not sell it or mortgage it . This land can only 
be inherited to a member of the family. These far mers are knovm as ejida-
tarios . The ejido can be worked individually or collect ively . 
3Colonos is a modification of the ejido . The land is sold to the co-
lono at a low price . Payments are spr ead over a long t i me . 
6 
122,023 hectares under cultivation (7 , pp . 73- 74) . Most of these farmers 
are engaged exclusively in a commercialized crop production. 
I rnoortant crons 
Differ ent crops have predominated in the Valley during the past 50 
years; this fact can be seen in Table 2. Corn had been increasing until 
the last two years when production of this crop decreased. Wheat has al-
ways been a very important crop in the Valley and since 1950 it had been 
first in land use . Cotton was first grown in 1950 and since 1952 it has 
been the second leading crop with regard to land use . Rice used to be a 
very popular crop, but in 1962 it was discontinued rrainly because of its 
high requirements of water . Chickpeas was also harvested in the Valley 
but was d iscontinued. 
In recent years new crops like soybeans, safflower, barley, and sor-
ghum grain have been introduced. Crops such as sesame, alfalfa, and flax-
seed have had a fluctuating i mportance in the Valley and at the present 
t ime they are not very important . 
The most important crops during the last 15 years have been wheat, 
cotton, and corn. Total product, area harvested, and yield of these crops 
have had an increasing but fluctuating trend. These data will be analyzed 
in the third chapter of thi s thesis . 
Agricultural production 
Production in the Valley has been increasing since cultivation began. 
In value terms, the maximum was reached in 1964; in t his year the total 
va lue of the agricultural production (expressed in 1961 prices) was 
$961,698, 104 pesos . For the years 1952 to 1966 the t otal value of pr oduc-
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tion of the Valley in constant prices can be seen in Table J. The in-
crease in production is due to increase in area and higher yields . 
Table J . Yaqui Valley, Mex ico . Value of agricultural product ion for the 
years 1952 to 1966, expressed in constant prices (year 1961) of 
the following crops: Alfalfa , barley, beans , corn, cotton~ flax, 
rice, safflower, sesame, sorghum grain, soybean, and wheat 
YEAR VALUE. Il"'J P&:.a3 
1952 $ 193,793,007 
1953 270,791,517 
1954 372,513, l 7L 
1955 462,993, 848 
1956 LLo,387,088 
1957 536, 8J4, 65o 
1958 501,490,596 
1959 454,796,145 
1960 533, 080,756 
1961 688,123, 895 
1962 787,689,842 
1963 731,142,271 
1964 961 ,698, 104 
1965 818,101, 273 
1966 743,420,443 
a . ~ource: (2) . 
The value of production per se is important, but it would be more 
signif icant if it could be compared against the cost of production. Un-
fortunately , data of production cost of the different farmers in the Val-
ley is not available; but by direct observation, it can be said that for 
the individual producers the gross value of production has exceeded the 
costs. On the other hand, if we cons i der the investments that were rrade 
on irrigation projects, r esearch, subsidy prices, etc. no definite state-
9 
ment can be made without a closer and mare accurate anaJ..ysis. It is importo.nt 
to note that the goverrunent subsidies to the Valley have been gradually de-
clining; gua.r anteed prices have been lowered or discontinued, price of ir-
rigat ion water has been r aised, the shar e of the farmers in the cost of r e-
search is greater, etc . 
Production growt h r ate The trend and growth r ate in value of 
agriculturo.l production were calculated from the data shown in Table 3. 
The growth per year was found to be 9 percent (Regress i on estimte of 11b" 
in the equation log Y •a+ b • time), or $44,735,216 pesos (regression 
estirrat e of "b" in the equation Y • a + b • time) . Both of these values 
wer e found positive and highly significant. This gr owth in product ion is 
r epr esented by the growth in the yields and area harvested of wheat , cotton 
and corn; these growths as well as the factors affecting them are discussed 
in the third chapter of this thesis . 
Irrigated ~ 
Irrigation is necessary to grow any crop in this Valley, and the 
first step to irrigate it was taken by Carlos Conant in 1890, who asked 
for and got a concession to use the waters of the Yaqui River . He, then, 
constituted the Sonora and Sinaloa Irrigation Co . in order to r ealize his 
project. This company started to build the Canal Principal1 in 1891 but 
in 1908 became bankrupt and the concession was shifted to the Constructora 
Richardson, ~.A. that continued the construction of the canal and started 
to clear the l and for cultivation (3, pp . 267-315) . 
1rri.a in Canal . 
10 
In 1928 the gover nment took contr ol of t he company and gave the ad-
rr. inistration of the irrigation system to the Banco Nacional de Credito 
Agricola y C-anader o1 (3, p. 327) . 
In 1938 the area under cult ivation was 52 ,511 hectares and the ir-
ri gation system was not sufficient arwmore to handle this area . The Fed-
eral Goverrur.ent started then the construction of the 11Angostura Dam, 11 
a project that was finished in 1941. This dam has a total capacity of 
640, 000 , 000 Pits~ With the water provided by this dam, the area under cul-
tivation increased to 123,000 hectar es in 1951 (3, pp . 330- 334) . It was 
in this year that the administrat ion of the irrigation system was g iven to 
the Secretaria de Recurses Hidraulicos2 . In 1952 the "Alvaro Obregon Darr., 11 
with a capacity of 3,000 1000, 000 Mts} was opened; and with this dam a new 
great canal was also opened, Canal Alto3 . These two projects wade possible 
to irrigate more land; specifica lly, the Valle Nuevo area, and in 1965 
there were 263,913 hectares harvested4 (2) . In 1963 the "Plutarco Elias 
Calles Dam11 ·was opened, but this dam was not planned to help to irrigate 
tr.ere land, but to increase el ectric power. 
The Valley is irrigated in the present time, mainly, but the water a-
va ilable in the three dams already mentioned. The control, distribution, 
and selling of the water among the farreers is in the hands of the Comite 
1National Bank of Agricultural Credit . 
2nepartrnent of water Resources . 
3High Canal . 
Urhis f igure includes double cropp ing. 
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Directivo Agricola del Dist rito de Riego de l Rio Yaqui, Sonora1• This 
comr::ittee is constituted by the chief of the irrigation district No . 412 
of the Secretaria de Recursos Hidraulicos, who serves as chair man, the lo-
cal r epr esentative of the Secr etaria de Agricultura y Ganaderia3, who serves 
as secreta!Jj and representatives of the Banco Nacional de Credito Ejidal4, 
Banco Nac ional de Credito Agricola y Ganadero, ejidatarios, and private 
proprietors. 
The cor.llllittee prepares a plan for each agricultural year, taking into 
consider ation the des ires of the farmers, the water available in the dams , 
and also the needs of the area and the nation for certain crops . This plan 
is not def initive; it is flexible . It is constantly modif ied as the crop-
ping year advances depending on the water in the dams and also in the ac-
tual plantings which are not exactly equal to the plannedo 
The comrr. ittee is always car eful t hat enough water is available to ir-
rigate the crops that are a lready pl anted. Therefor e, there is no abandon-
ment of pl anted hectar es because of lack of water; and in general, ther e is 
a hi9h assurance of harvest from planted crops . 
Depending on the water ava ilable, double cropping is permitted by the 
corrmittee . Usually a small percentage of the tota l area can be planted 
twice a year. 
1Agricultural Directive Committee of the Irrigation Distr ict of the 
Yaqui River, Sonora . 
2Irr igation District No. 41, corresponds to the Yaqui Valley irriga-
tion district . 
3nepartment of Agriculture . 
4~lational Bank of Ejido Credit. 
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The committee also fixes the price of water, which is sold by cubic 
met ers at the same price for all crops . 
The d istribution of the water is accomplished by the followir.g sys-
t eM: From the Ma in Canal water is transported via prin:ary and secondary 
canals to irrigate cer t a in sections . The farmers r equest from the person 
in charge of the section the amount of water that they need; and this per-
son asks for the water from the district off ice. 
Prices 
Prices received by farmers t hroughout the Valley ar e homogeneous 
with r egard to the type of btzy"er or seller . This is specially true for 
the crops that have a guaranteed price . A guaranteed price exists for 
wheat, which was recently lowered. A guar anteed pr ice for corn has exist-
ed in some years. This same price policy is currently be ing followed for 
oilseed crops . 
Cotton has a free and fluctuating price det er mined by ITBrket forces . 
This price has not had a significant increasing trend. 
Research and extension 
The institution r esponsible for the increase in level of t echnology in 
the Valley is CIAN01• This institution is partially sponsored by the farm-
ers and does r esearch in all important crops in the area . It is also r e-
sponsible for the introduction of new crops . CIANO r ecoil:reends farming 
practices for each crop {quantity and kind of seed, irrigation, fertiliza -
tion, pest control, cultural practices, etc.) and the farmer s follow its 
1centro de Investigaciones Agricolas del Noroeste - Center of Agri -
cultural Research for the Northwest . 
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recorr~endations very closely each year. 
Among the main achievements of CIANO are: The development of im-
proved varieties of wheat which are not susceptible to rust and give 
higher yields; continuous work on new varieties is in progress so that the 
old ones can be replaced as soon as they become susceptible to the dis-
ease . Another wheat improvement has been the development of dwarf , stiff-
straw varieties that r espond well to large applications of nitrogen fer-
tilizer and high seed ing rates. 
The r esearch done by CIANO in soils yielded information on the need 
for phosphorus in some areas in the Valley, and by applying this nutrient, 
higher yields are expected to be obtained. 
The most important of its extension activit i es i s the 11 Day of the 
Farmer, 11 which is held once a year. On this day, hundreads of farmers 
visit the experimenta l stat ion and get inforrration about its research. 
Because of the large number of far mers attending, CIANO has instead recent-
ly began the "Week of the Farmer. " 
¥~~keting and credit 
CoNa.SuPol has established an unlimited demand for wheat at a guaran-
teed price ; and therefore, controls all of the purchases of th.is product . 
In some years, Co!'aSuPo also bought corn but purchase of this product has 
been discontinued in the Valley. Most of the warehousing of these grains 
is done by another governmenta l agency, ANDSA2• 
lco~pania Nac ional de Subsistencias Populnres - A federal institution 
created to control price fluctuations in the basic food cr ops such as 
wheat, corn, rice, beans, and sugar for the protection of farmers as ~ell 
as consumers . 
2Alrr~cenes Nacionales de Deposito S.A. - This public corporation pro-
vides warehousing and rr.arketing facilities for the agricultural products 
bought by CoNaSuPo. 
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There are no farm storage facilities ; therefore, the pro&.·ct is trans-
ferred from farms to central warehouses at harvest time. The secondary 
roads in the Valley are in good condition, so transportation is easy. 
Never the less, there is the problem of jammed traffic at the warehouses . 
Cotton is sold to independent ginners or to cotton rr.erchand ising 
companies that have gins. The cotton gins are not evenly distributed in the 
Valley and experience the same traffic problem as corn and wheat at harvest 
time. 
Cbtaining credit is no serious problem in the Yaqui Valley because eji -
datarios, colonos, and small farm proprietors can obtain credit from govern-
ment agencies. Large farm owners have good sources of credit in private 
banks and their own credit unions . The cotton industry plays an important 
role in the granting of credit to farmers for the growing of this crop. 
Agricultural croppin9 year ~ corranon rotations 
An agricultural cycle in the Valley goes from the first of October to 
the 30 of September of the following year . 
The seeding and harvesting time for the most common crops are listed in 
Table 4 as well as the standing period of each crop. From this table we can 
see that cotton and wheat cannot be harvested in the same year; also that if 
we plant corn one year, wheat cannot be planted the following cropping year. 
Wheat has lower requirements for water than cotton; so from this point 
of view the growing of wheat is usually mor e encouraged by the Secretaria de 
Recurses Hidraulicos than the grow ing of cotton. For this reason the area 
desired to be planted with cotton has been restricted to a percentage, 
more often than the one of wheat. The production plan is prepar ed at the 
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Table 4. Yaqui Va lley, Mexico . Seeding and harvesting time, and standing 
period for the most cormnon cropsa 
CROP..:i 
wheat 
Cotton 
Corn 
~oybean 
~ff lower 
Flax 
Barley 
~esame 
~orghum grain 
Rice 
~'!heat 
Cotton 
Corn 
.::>oybeanc 
~ff lower 
Flax 
Barley 
~esamec 
Sorghum grain 
a~ource : (14) . 
MONTtbb 
0 N D J F 11 A I~ J J A S 
:xxxxxxxxxxxxxx 
xxx 
xxxxxx 
SEEDING TIME 
November 15 - December 31 
='J:::.rch 15 - .1\ pr i1 15 
August 15 - August 31 
April 15 - r~y 15 
November 15 - December 15 
November 15 - December 15 
November 15 - December 15 
F.arch 15 - ray 15 
March 10 - April 10 
xxxxxxx 
xx:xxxxxxxxxx 
HARVESTD\iG TM 
April 15 - Hay 31 
August 1 - ~e::>te1nber 20 
January 1 - January 31 
October 1 - November 10 
June 15 - July 15 
May 15 - June JO 
April 15 - l':ay 31 
July - September 
July 15 - August 15 
bf."onths go from October to ~eptember of the following year. 
c When used for double cropping, usually sown early in June. 
beginning of the cropping year, therefore t he area of wheat and the area of 
cotton planted is decided simultaneously. 
~oybean and corn are not as profitable per acre as wheat and cotton, 
and are usually used for double cropping; therefore, their area is highly 
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r estricted because of lack of water for doubl e cropp ing in the Valley . 
The most important decision of the farmers is the choice between wheat 
or cotton, and after this dec ision, the pattern of the rotation or the se-
l ection of the crop for double cropping is almost fixed . This comes from 
the fact that after cotton, you cannot plant any other crop in that year; 
and after wheat , you can pl ant either corn or soybeans, but in making the 
decision for pl anting corn you have to choose between wheat or cotton in 
the following cropping year due to the fact that after corn, wheat cannot 
be planted. 
The most common rotat ions that can be observed in the area are : 
Wheat - Corn - Cotton • • • in two years 
Wheat - Soybeans • • • in one year 
Wheat • • • in one year 
Cotton • • • in one year 
Farmers usually plant part of their area with wheat and leave part to 
plant to cotton since this spreads their incomes, costs, and risks through-
out t he entire year . Few farmers spec ialize in wheat or cotton alone. 
The first two rotations are generally mor e profitable because the 
fixed factors are better utilized. Land, machinery, and fixed labor are 
used more intensively over the year . 
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CHAPTER III. PROOOCTION OF WHEAT, carTON, AID CORN 
Wheat , cotton, and corn are t he most important crops in the Valley. 
This chapt~r analyzes the growth in product ion of these three crops, the 
variables affecting t h is growth, and some relevant economic factors which 
affect their pr oduction. 
C-rowt~ in production 
The magnitude of the gro;rth in production of these crops during the 
years 1952 to 1966 can be seen in Table 5. 
The sources of these growths are increase in area harvested and in-
crease in y ields . 
Table 5. Yaqui Valley, Mex ico. Total pr oduction and production gr owth, 
in metrjc tons, of wheat, cotton, and corn for the years 1952 
to 1966 
YEAR WHEAT COTTON CORN 
1952 70,373 38,022 8, 027 
1953 88,132 69,174 2,013 
1954 169, 656 84, 807 1,998 
1955 195,669 114, 851 2,586 
1956 325,946 47 ,648 12,000 
1957 300,401 95 , 580 34,115 
1958 230, 837 116,589 6,249 
1959 222,610 75, 984 57' 211 
1960 204,226 114,465 22 , 049 
1961 275,570 117,228 52,704 
1962 336,410 135,263 59, 108 
1963 396,424 114,981 102,6L.2 
1964 449,972 155,935 190,793 
1965 352, 106 130, 089 162, 015 
1966 240,422 155,407 36, 530 
Percent growth per yearb 8. 9 7.2 29.0 
Growth per year in metric 
tonsc 17,620 6,598 9,636 
aSource : (2 ) . 
bRegr ession estimate of llb ll in the ecp.1a_t i-on log Y .. a "':' b • t ime . 
cRegression estimate of lib" ln the equation y a a + b • time . 
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.O.rea effects 
The increase in product ion due to growth on area harvested is sho\-m in 
Table 6 . 
Table 6. Yaqui Valley, Mexico . Area harvested in hectares, and area growth 
of wheat, cotton, and corn for the years 1952 to 1966a 
YEAR 1rrt1E.AT COIT ON COR.1'1 
1952 50,783 24,654 6, 235 
1953 56,755 42,658 J , 056 
1954 94,283 45,576 4, 804 
1955 llJ,267 86, 874 2,597 
1956 154,039 31 ,935 9,605 
1957 143,110 49,695 15,418 
1958 105,126 74,014 18,382 
1959 130,500 47, 672 26,600 
1960 90,799 78,975 15,270 
1961 110,685 56,041 23,016 
1962 114,546 64,336 20,276 
1963 143,504 47,226 36,174 
1964 134,016 61,017 53, 961 
1965 138,392 53,265 44,186 
1966 85,716 64,815 10,976 
Percent growth per yearb 3.6 3.4 16. 2 
Growth per year in hectares c 3,058 1,354 2,514 
a,:;ource: (2) . 
bRegression estimate of "b" in the equation log Y • a + b • t ime . 
cRegression estimate of "b" in the equation Y • a + b • time . 
The increase in area accounts approx imately for one half of the total 
growth in production of these crops. The most important source of this in-
crease is the development of irrigation projects which permitted more land 
to be cleared for cultivation and also the double cropping of certain por -
tion of the ar ea . Due to the opening of new land, the area harvested of 
cotton and wheat increased very much from 1952 to 1956. The area of corn 
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increased ll'X)r e gradually as more area was double cropped in the Valley. 
The use of specialized mach inery has played an important role in the double 
cropping of land in the Valley by shortening the harvest time and also by 
speeding up the seed ing of the crops . 
Even if new land is not opened for cultivation, the area harvested 
could be increased by double cropping larger portions of the area; but this 
is limited by the water available and projects to increase irrigation water 
are not in sight for the near future . Therefore, further increase in the 
area harvested of these crops as a whole can only come from more economic 
use of the water available . Significant increase of the area of any partic-
ular crop can be obtained by shifting the area of one crop to another . 
Yie ld effects 
The rate of increase in yields of the three crops is shown in Table 7. 
Approximately 60 percent of the increase in production of wheat, 50 percent 
in cotton, and 45 percent in corn l-Ja.S due to increase in yield. Unfortu-
nately, it has not been possible to measure the exact influence of each facr 
tor on this growth. Nevertheless , the principal contributing factors will 
be briefly mentioned . 
Seeds The development of new and i mproved seeds was the rra in factor 
rrBking possible the increase in yields for wheat and corn. This factor has 
been of l ess importance for cotton. Locally-adapt ed varieties were devel -
oped fo r wheat which not only were r es istent t o rust, but also responded 
well to l ar ge applications of fertilizer . The development of hybrid corn 
varieties suited for t he r eg ion brought as consequence t he increase of y ields 
in this crop. The research done in this field has been great but it must be 
continued because hybr id varieties as well as varieties resistent to rust 
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loose their effectiveness with time . 
Fert ilization The use of inorganic for ms of f ertilizers is a l most 
always pr esent when there is an increase in agricultura l production due to 
y i elds. The doubl e cropping of an area requires l ar ge addi tions of ferti -
lizer . The use of new var iet ies for increased yields a lso r equires ferti -
lizer to take advantage of the inherent yield pot ential of the im~roved 
seed. In the Valley, f ert ilization of all three crops has been increasing 
as far w.ers actually see the r esponse of the plants to it . The use of ferti -
lizer at the moment is widespread in the Valley, this is in part due to the 
fact that the farmers like inputs which give quick r eturns . 
Tabl e 7. Yaqui Valley, Mexicoo Yields in kilograms per hectare, and ¥iel d 
groi.rth of wheat, cotton, and corn for t he years 1952 t o 1966 
~Ji.R lfrlEAT CaITON CORIIJ 
1952 1,386 1,542 1, 287 
1953 1,553 1,622 659 
1954 1, 795 1, 869 416 
1955 1, 728 1,322 996 
1956 2, ll6 1, 492 1, 249 
1957 2, 100 1, 923 2, 213 
1958 2,196 1,575 340 
1959 1,706 1,544 2,151 
1960 2, 249 1, 449 1, 444 
1961 2, 490 2, 092 2, 290 
1962 2, 937 2,102 2, 915 
1963 2,762 2,435 2, 841 
1964 3,358 2, 556 3,536 
1965 2, 544 2, 442 3,667 
1966 2,805 2,398 3,328 
Per cent growth per yearb 5 . 1 3. 8 12. 8 
Gro;rth per yearc in Kgs. / Hectare lll 74 28o 
a~ource : (2) . 
~egression estirr~te of II bll in the equation log Y • a .,. b • time . 
cRegression estirrat e of "b" in the equation Y • a .,. b • t ime. 
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Plant orotcction The increase in the use of pesticides, herbici des , 
and other for ms of plant pr otection has been significant in the Valley . 
Pest control has been a very important factor in obtaining higher yields of 
cotton; and every far mer protects his cotton by large appl ications of in-
secticide . The use of herbicides,to control weeds is a lso very popular in 
the Valley. 
Irrigation The availability of mor e water for irrigation not only 
increased the area harvested, but gave the opportunity to use better ir-
rigation practices which are also significant in the increas e in yields, 
specially for cotton. 
Cultural pr actices The extensive use in the Valley of mechanical 
implements has made poss ible large improvements in the quality of the agri-
cultural operations performed and most i mportant it has made possible the 
per forrr2nce of production operations that could not be made with tradit ion-
al implements; thus, contributing to lar ger yields per hectare . Among 
these operations are the use of spec ia l machinery to l evel the soil for 
cultivation, this has r esulted not only in higher y i elds, but in a better 
use of irrigation water . The use of agricult ura l machinery also made pos-
sible double cropping of the area by the fast per for mance of the r equir ed 
oper ation to grow two crops in one agricultura l year. 
These are the factors that were most impor tant in the incr eas e of 
yields in the area; but anyone of them alone could not have accomplished 
anyth ing, the higher yiel ds ar e a cowbination of all, a lthough it is not 
poss ible to quantitative ly a llocate the y ield increases among the factors 
causing them. 
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Incentives fE!. growth 
The physical aspects of the increase in production of the three ma in 
crops in the Yaqui Valley were mentioned above, but perhaps the actions 
that created the economic clirr2te that induced the use of improved physical 
inputs were of greater importance . 
There has been a governrr.ent action by agricultur<:!l policy whi ch was 
aimed at improving the income incentives of the farmers; this was the guar-
anteed price program. But the actions al so include those designed to bring 
about a managerial class by social reforms, the improvement of the qual i ty 
of labor by i mproving their health conditions through medical services, san-
itation, nutritional level, and living and working conditions through the 
Institute del ~egurc ~ocial 1 ; and also by education programs , provisions of 
large scale public investment and credit, and improving the marketing fac il-
ities of the area . 
These governn:ent actions designed to increase dir ectly or indirectly 
agricultural production were strong factors creating the right environment 
for agricultural growth in the Yaqui Valley. 
Prices of ~ three crops 
For wheat, a guaranteed price exists at which the goverrunent has been 
buying most of the production since 1955. This guaranteed price was lowered 
in 1965. Corn also has a guaranteed price but only in certain years has the 
government bought the production of this crop in this area . The price of 
cotton is deter mined by supply and demand. Table 8 gives the average prices 
1~ocial ~ecurity Institute . 
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r ece ived by farmers for these three crops for the years 1951 to 1966 as 
reported by the Secretaria de Recursos Hidraulicos . 
Table 8. Yaqui Valley, Mexico. Prices of wheat, cotton, and corn for the 
years 1951 to 1966, expressed in pesos per metr ic ton~ 
YE.AR HHE.AT COTTON CffiN 
1951 762 2,399 71 3 
1952 762 1,996 518 
1953 760 1,771 544 
1954 814 2, 821 550 
1955 959 1,965 673 
1956 917 2,196 669 
1957 906 2,397 800 
1958 912 1,764 702 
1959 911 1,911 785 
1960 912 2,038 Boo 
1961 917 2,305 800 
1962 913 2,167 800 
1963 913 2,176 940 
1964 913 2,167 864 
1965 840 2,335 800 
1966 Boo 2,223 800 
aSource: (2). 
Gross r eturns 
The gross r eturns per hectare of the three crops were calculated by 
multiplying the y ie ld and price of each crop in a given year . The growth 
trend of these r eturns was a lso calculated, as was the variation of the dif-
ferent values around the estimated trend lines. These values are sho~m in 
Table 9. 
The gross returns obtained from cotton are significantly higher than 
those obtained from wheat or corn • . The returns of wheat and corn during 
the last five years are very similar. However, it may be more in:portant to 
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Tabl e 9. Yaqui Valley, Mexico . Gross value of pr oducti on per hectar e ; 
mean, and variability ar ound t he mean; trend l ine and varia-
bility around t he tren~ lines of wheat, cotton, and corn, for 
the years 1953 to 1966 
YEAR 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
Mean 
Var iance 
~tandard deviation b 
Coefficient of variat ion 
Aver age gr owth per yearc d 
Sum of squar es of r esiduals 
Deviat i on f r om t r end linee 
a~ource : (2) . 
1180. 28 
1464. 39 
1657. 15 
1940 . 37 
1902.60 
2002 . 75 
1554 . 17 
2051.09 
2283. 33 
2681.48 
2521 . 71 
3065. 85 
2136. 96 
2244 .oo 
2049.01 
234965 
455 · 
23. 6% 
105.6 
2118343 
420 
CUTT ON 
2872. 56 
5272 . L6 
2597. 73 
3276 . h3 
4609. 43 
2778. 30 
3046. 13 
2953 .06 
4822. 06 
4555 .03 
5298.56 
5538. 85 
5702.70 
5330.15 
4189. 62 
1317)61 
1148 
27. 4% 
i82 .6 
10870163 
952 
b ~tandard deviation x 
Coeffici ent of variation • 100. 
mean 
CffiN 
358.50 
228. 80 
670. 31 
835. 58 
1770 . l.~o 
238. 68 
1688. 54 
1155. 20 
1832 .00 
2332. 00 
2670. 54 
3055. 10 
2933.60 
2662 .40 
1411 . 50 
1554761 
1246 
88. 3% 
222 . 1 
2493679 
456 
c 11b" estimat e of the regr ession equation Y • a + b • time . 
d Sum of squares of the differ ences between the observed va lues and the 
estimat ed trend line . 
e"s" estirriate from the equation (n - 2)s2 • sllr.l of squares of r esiduals. 
look at t he variabil i t y of these r eturns. 
The variability of t he r eturns is calculated under two differ ent as-
sumptions: t hat t he far mers assume an aver age constant r eturn, and second, 
t hat the f ar mers assume an aver age increase in the r eturns each year . The 
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second assumpt ion is preferred because it seems more r eal istic for the Val-
ley. Under both assumptions the Gross r eturns obtained from wheat ar e more 
stable than those obtained f rom cotton and corn. Under t he second assump-
tion the r eturns from corn are not significantly gr eat er t han those f rom 
wheat. The r eturns f rom cotton ar e in fact significantly mor e variable 
than those obtained from wheat; therefore, we will look at some of the fac-
tors causing this gr eat er uncertainty in the r eturns of cotton. 
The gr eat er variabi lity of gross r eturns from cotton compared to wheat 
comes f rom t~o sources : price variability and yield variability. Wheat has 
had a guar anteed price for some years . In contrast, the price of cotton 
depends ma inly on the world price which fluctuates when there is a change 
in the supply of or de.ira.nd for this product. Therefore, the price of wheat 
has been ~ore stable in the last fourteen years. The yields of both wheat 
and cotton depend largely on the weather, but the yields of cotton are less 
stable from year to year t han those of wheat. In the first place, gr eater 
pest problews exist for cotton and they vary significantly from year to 
year. Also, the harvesting of cotton presents some pr oblems which affects 
its yield . The time of harvest coincides with the rain season in the Valley 
(July and August) . Rainfall affects the quality as well as the quantity of 
fiber harvested and this rainfall fluctuates from year to year, creating a 
high variability of yield. A major factor in the greater uncerta inty of 
cotton returns is that while wheat is harvested by special nachinery, cot-
ton is harvested by hand labor . Workers must come from all over the coun-
try and there is no assurance that enough men will come or that they will 
come on time . 
There is some evidence that the variability of yields among farmers is 
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less for wheat than for cotton, but dat a at the farm l evel is not ava ilable 
to establish this difference. The r easons for this greater variability 
among farms are very similar to those reasons for the variability among 
years . 
Net r eturns 
Cost data at the farm l evel is not easily available in the Valley; 
however, the costs of production for wheat and cotton were calculated in 
the winter of 1963-1964 (16) . From this data the net returns for wheat and 
cotton wer e calculated as shown in Table 10. 
Table 10. Yaqui Valley, Nex ico. Net returns of one hectare of wheat and 
cotton, expressed in pesos~ 
WHE.AT CarTON 
Costs 
Land $ 600 $ 600 
Labor 260 1,900 
Nachinery 880 98o 
Direct services 660 1,090 
Total costs 2,400 4, 570 
Gross r eturns 3,065. 85 5,538. 85 
Net r eturns 665. 85 968. 85 
a . 
~ource : (16) .• 
Although t he data of the costs of production repr esents only one year, 
this does not vary significantly f rom one year to another. Thus we can as-
sume that there is a constant increas ing t r end in the cost of production of 
a 11 the crops . 
From Table 10, we can conclude that cotton yields higher profits than 
1Nheat. However, this crop also has larger production costs and involves 
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more uncertainty than wheat, as discussed in the last section. The higher 
cost of production of cotton usually means that l arge sums of money must be 
borrowed by the farmer, thus r educing his equit y . 
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CHAPTER J.V. PRQ)UCTION RE-:>POl'bE FU!ICTION FOR WHEAT, COTTON, AJID CCRN 
In this chapter t he objective is to find how the different economic, 
technological, environmental, and structural variabl es affect the agricul-
tural pr oduction of the ar ea . Special attention is given to the economic 
variables such as prices. ~pecifically, regression analysis will be used to 
determine the area r esponse function for wheat, cotton, and corn. 
Production model
1 
Production, P, is equal to the number of units of production, N, (a-
creage in our case) times the average yield per unit of production, Y, 
(yield per acre ). 
A production model should consist of at l east two production r elations, 
one focused on the number of units of production, and the other on yield per 
production unit . 
If the explanation of P is obtained directly or independently of the 
estimation of N and Y, ther e should be consistency between both approaches: 
(1) 
a lso: 
(2) 
(3) 
1 
n 
P•a ... :i: aX +U 
0 i•l i i p 
n 
N•b + SbX +U 
o i•l i i n 
n 
Y • c + .lJ1 c.X .... U 0 i• l l y 
This model is similar to the one used by Oury (12, pp. 6-7). 
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and assuming perfect consistency, we should have ultimate ly: 
n n 
(4) p. (bo + ~l biXi + Un) (co + i~l cixi + Uy) ' 
where: 
ao, bo, Co ar e constant terms 
a i' bi, c · l are the parameters 
A strict consistency would be present if Equations 1 and 4 are identi-
cal, but in this model we wouldn't expect them to be the same . 
Arr:f of the four equations in the model can be formulated linearly in 
the following form: 
m 
(5) Y • Bo + j~lB jxj(t) + u(t) 
In this model the dependent variable 11Y11 (production, area, or yield) 
contains a systematic part that depends linearly on a number m of other var-
iables, X1 s; and in addition, a random part 11 U". 
The observations of the X1s are in the form of time series data; as-
suming that each production period corresponds to one year and that we have 
n years: then let the index t that runs from 1 to n, represent the obser-
vations, the regression parameters are BJ·. 1, 2 ••• , m. 
Equation 5 can be estimated by the method of least squares1• 
Response to individual variables2 We are interested in discovering 
the r esponse of production to price condition primarily, and secondarily 
to non-price factors . 
lThis method is explained in Fox (6, pp. 278-282) . 
2This section is based on Oury (12, pp . 173-179). 
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The r elationsh ip between the relative change in the size of the crop 
and the relative change in price is called the production price elasticity 
or production price r esponse . 
When all the signs of the coefficients conform to logic and all re-
quirements of statistical theory are met in a satisfactory manner, the re-
gression equations of a model should explain the variations in t he data 
from which they are derived . 
From the individual equations, it is possible to derive estirrates of 
percentages changes which occur in the dependent variable (yield, acr eage , 
production); when an independent variable (price, weather, technology) un-
dergoes a change. 
Price elast icity of production (or supply) is considered to be the 
ratio of the percentage change in production (or supply) to the associated 
change in the price upon which producers based their production plans. 
where: 
ep 
dp 
dp 
p 
q 
ep • dq • £ 
dp q 
• elasticity with r egard to 
• change in production 
"' change in price 
... pr ice 
• quantity 
price 
The ratio of the unit change in supply and the unit change in price of 
the commodity involved is equal to the price parameter in the r egression e-
Jl 
quation. By convention we use the average price (p ) and the average quan-
tity ( q ) in computing the el ast icity. In our case p and q ar e r espect ive ly 
the sampl e means values of price and pr oduction of the commodity involved. 
The mathematical formulation is simi l ar for non-price el asticities . 
Therefor e , for each r egression equation the r esponse of the dependent vari-
able to the individual variables involved in its 11explanation11 can be eas i-
ly calculated from the following formul a which holds only for first degr ee 
regr ession equations : 
where : e. 
l 
b· 1 
x . 
l 
Y . 
l 
• 
• 
• 
• 
e . • b. 
1 l 
x .. 
y 
e last icity with r egard to the ith independent variable in-
volved; 
r egr ession coeff icient of the ith independent variable in-
volved; 
sampl e mean value of the ith independent variable involved; 
sample mean value of the dependent variable involved. 
Production is t he product of acreage and yield, then the production r e-
sponse t o any individual independent variable should be the sum of both the 
yield and the acreage r esponses to the very same variable, had yield, acre-
age , and production been expla ined "perfectly." 
Yiel d ~ product ion r esponse 
Aft er considering the fact that crop yields are rrainly a function of 
technological and environmental variables, and be ing unable to find a good 
measure of these variables in the form of time series data, the y i eld r e-
sponse function was not estimated; neither was the production r esponse for 
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the same reasons. 
The area response function was estimated and it can be used as an ap-
proximation of the production response. However, it is important to note 
here that in stu~ying production response, when possible, both ar ea and 
yield response functions should be estimated as shown in the above model . 
The elasticity of production with regard to price, or any other factor, is 
the sum of both elast icities of arec and yiel d with regard to that factor . 
Only if the e last icity of yield with respect to any variable is zero , then 
the elasticity of output and area will be one and the same. There is evi-
dence that the economic variables, higher prices, have an encouraging effect 
in yield increasing practices; therefore, there exists a positive elasti city 
of yield response with regard to price . However, this effect would not be 
rr.easured correctly if the effects of the important variables such as weather 
and technology ar e not considered. 5o the yield r esponse to price was not 
tested. 
Area response functions 
We have indicated that our dependent variable will be the ar ea planted 
of a crop. The factors affecting the area planted of a crop can be grouped 
in the following categories : 
(1) Environmental, relevant to geography, geology, climate; 
(2) Economic, relevant to narket conditions, price relationship; 
(3) Technological, relevant to the various forms of technology in-
volved; 
(4) Institutional, relevant to law, tradition, and government pol icy . 
The 11best 11 variables representing each category have to be chosen since 
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different variables have been used (Ezekiel and Fox u, pp . U40-U4J) . 
The nUITber of variables is limited by statistical theory by the number 
of degrees of freedom available, and this number is further limited by the 
data in form of time series available . Considering this, we will discuss 
the r el evant variables for this study. 
Environmental This region can be considered very homogenous topo-
graphically speak ing; and in gener al, we can say that the quality of the 
soils is more or less evenly distributed throughout the Valleyo 
The total area available has changed in the study period; and to ac-
count for this factor two dependent variables will be used in the equations: 
one , the total area harvested; and the other, the relative area of each 
crop with r espect to the total area available. It was said earlier that 
there is little, if any abandonment of area planted, therefore, area har-
vested and area planted is consider ed equaL :'or the purpose of this analysis. 
Water ava ilable Being an irrigation district, the rr~st im-
portant weather influence can be expr essed in t erms of the water available 
for irrigation of zach crop. 
Farmers do not plant a crop unless they ar e sure that they will get e-
nough water to irrigate it . Our hypothesis here will be then that the area 
planted of a crop depends on the water available to irrigate it. 
Wheat is the first crop planted in the agricultural cycle, so we wi~~ 
consider the water on the three dams in the first day of the cycle (Octcberl) 
as a measure of the water available to irrigat e it. 
As it was stated before , the cropping plan is changed accordingly to 
the water available; then, we will take as a measure of the water available 
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to irrigate cotton, the water in the dams on March l; and for corn, the 
water in the darns on August 1 will be used. 
For corn, we will also use as an independent variable the area har-
vested of wheat; based on the fact that it can be planted after wheat for 
double cropping and that the decision on the area planted of corn nay de-
pend more on the area of wheat that was harvested than on the water avai l-
able . 
In this variable, we expect a positive significant coefficient; the 
nx:>re water ava ilabl e to irrigate a crop, the larger the ar ea planted of i to 
And for corn, the larger the area planted with wheat, the larger the area 
of corn. 
Economic The first economic factor that wil l be considered is the 
price of products. 
Expected prices It is hypothesized that producers respond to 
the expected price of the product . It is a fact that every producer has his 
own expected price for any given product . 
In this stu~y two hypotheses on expected prices will be used : the 
first one saying that the expected price of any product is equal to last 
year's price for that pr oduct. 
where: ~ • expected price of crop i 
• last year actual price of crop i 
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The second hypothesis is a little more sophisticated, but more real-
istic . It assumes that expected prices are a function of actual prices in 
a series of preceding years . This approach was used by Nerlove (11) 
and is known as the distributed-lag. It has been used successfully by 
Krishna (9) among others . 
This approach assumes that farmers do not react only to the price 
that they received the previous years, but to a set of prices that they 
have r eceived in a series of years. This assumption is very realistic . 
The assumption also is more operational than it looks at first sight. 
The approach used by Falcon and Gotsch (5) as well as tadd 1s Review of 
Nerlove (10) will be used to show how this assumption can be put into a 
form useful for empirical work. 
Beginning with Equation 1, the output of any crQp i (or area harvest-
ed, in our case) might then be fitted with the following model : 
In this model , the parameter b1 may be interpreted as t he short- run 
response to price, while the sum of b1 to bn would then be the long- run 
response (5, p. 11) . 
This equation would be very difficµlt to estimate, without mak ing 
further assumptions because it will require a great number of extra price 
observations, which are not likely to be available; besides, there are 
likely to be very high inter- correlations among the lagged price varia-
bles (5, Po 11) . 
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But Nerlove (10) further ~ypothesizes that 
This c, or coefficient of expectation as Nerlove calls it, links all 
the parameters in Equation 2. Therefor e, if observed output Ht is a l i near 
function of P*t then we have: 
• b + b p + b CPt 2 + b3C
2
Pt- J + •• • , 
0 1 t-1 2 -
n- 1 
b C P + e 
n t -n 
It can be seen that the first hypothesis is only a special case of 
this more general equation, with the value of C being zero . 
After some algebraic transformations, the following esti mating equation 
is derived (4, p. 13): 
where : 
• a + a P + a2Ht- l 0 l t - 1 
The a 1 s are functions of C and the b 1 s 
Pt-l • last year's actual price 
a last year's production {or area harvested) 
In order to use this approach, only a little additional data is re-
quired. 
Relative prices Product prices may be regarded as having two 
meanings to the farmers . One meaning regards prices as affecting the nor-
mal pattern of production, which is reflected in the long- run plaIU1ing by 
producers; and the other views prices as affecting the yearly shifts in 
production between crops. This framework implies that producers adjust 
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their output in the long- run with r egar d to the over a ll economic ind icators 
and asset f ixity , and that they also change t h is output t o a limited extent 
to t ake advantage of anticipated changes in prices of compet itive crops 
(12, pp . 160-162) . The assumption seems realistic given that producer s 
have fixed as well as variable factors of production and both have to be 
consider ed when analyzing possibl e changes in product ion. 
As it was stated earl ier, the government establishes a guaranteed price 
for wheat , even though t his price i s usually announced prior to planting, 
it is hypothes i zed that farmers r eact to pr evious year 1 s prices on the fol -
lowi ng bases . From 1953 t o 1956 far mer s did not have enough confidence on 
the guaranteed price policy mainly because this pol icy had been in effect 
for some time but had fa iled to work properly. From 1956 to 1964 the guar-
anteed price ·was .constant; ther efor e, there is no i mpor tant conflict in 
those years . In 1965 and 1966 the guar anteed price declined and it is hy-
pothesized here that farmers planned their production according to pr evious 
years prices because they did not expect that the gover nment would lower 
the price so sharply . After the announcement of the pr ice decline, the 
farmers asked for an extens i on of the pr evious price and a more gradual de-
cl ine over several years . The price of cotton depends on the world price 
and it changes cont i nually. For corn, as it was said before, t here also 
exists a guaranteed price by the government but the producti on of this crop 
has been bought by the government only in specific years . Therefor e for 
these two crops it will also be assumed that the production r esponds to pr e-
vious years prices . 
Considering the assumption of producers r esponding to expected prices , 
and this r esponse being an effect of two different meanings to t he farffiers 
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of the pr ice varia~le , pr ice ratio variables were constructed as follows : 
The expect ed price of the crop in question will be used in the numer-
ator under the assumption that an i ncrease in the expected price for that 
crop will result in an increase in hectares planted . This assUlli.ption i s 
what we ar e most interested on testing, specifically to determine if the 
farmers react to price when they plan the product i on of certain crop. 
In the denominator of one of the relative price variable, a wholesale 
price index will be entered under the assumption that the higher this pr ice 
index; representing input prices, prices of consumption commodities , pr ices 
of other product i on goods - agricultural as well as industr ial; the less 
the planned long- run production of the far mers . This means that they could 
plan investments outs i de of agriculture or plan other for ms of obtaining 
income . On the other hand, the lower this price index, the higher the rel-
ative price of the crop i in question, then farmers will increase their in-
vestments in fixed factors for producing that crop. This variable will be 
entered for the three crops and is expected to be positive significant, but 
it is very probable that given that the period considered is very short, the 
effect of this variable will be w1noticeable . 
other r atios will be entered having the expected prices of the products 
deflated by the expected price of its most important competitive crops . The 
competing crop price is used in the denominator under the assumption that 
an increase in the denominator will cause a decrease in production and vice-
versa . Variables factors of production will be shifted to other crops, or 
from other crops as the case rray be . This variable is believed to be more 
important than the pr evious one for this study which involves a short pe-
riod of time. 
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In the case of wheat a price ratio variable will be entered having 
the expected price of wheat in the numerator and the expected price of cot-
ton in the denominatoro Cotton is the leading competing crop with wheat , 
for water as well as area, they are the two most important crops in the 
Valley. The area to be planted of both cro?S is decided almost simultane-
ously in making the plan for the agricultural year . 
In the case of cotton, two r atios will be entered i n the analysis . 
The first one having the price of cotton deflated by the price of wheat be-
cause as it was said, they are the two leading competing crops for the re-
sources of the Valley. But considering that cotton i s a summer crop and 
that corn is planted in the summer while cotton is still standing , there i s 
also an important competition for resources between these two crops that 
should be considered; therefore, a second ratio will be entered having the 
expected price of cotton deflated by the expected price pf corn. 
Corn competes with all the crops of the Valley for the scarce water 
and it also competes with almost every crop for area because it is planted 
in the summer and harvested in winter1, therefore, it competes with both 
wheat and cotton. Corn is planted while cotton i s still standing, therefore 
both crops cannot be planted in the same ar ea in the same agricultural year; 
and wheat is planted while corn i s still standing, therefore if corn i s 
planted that area cannot be planted with wheat the following agricultural 
yearo This relationship makes possible the two year r otation having wheat-
cor n- cotton, which makes the three crops also complementary. Consider ing 
the above explanation, two price ratios will be enter ed for corn in the a-
1~ee Table 4 for the appr oximated seeding and harvesting per iods of 
the crops in the Valley. 
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nalysis . One having the expected price of corn def lated by the actual 
price of wheatl, and the other one having the expected price of corn de-
flated by the expected price of cotton . 
A significant positive coefficient on the relative price variable is 
expected if area r esponsiveness to price exists . Also a pos i tive coeff i -
cient is expected on the lagged area variable . 
Prices of inputs will not be considered except to the limited extent 
of being part of the wholesale index price . 
Relative yields It is hypothesized here that farmers make 
their decision on how rr.uch area to plant of a certain crop thinking in the 
returns they expect to receive from it. This expected r eturns or profit 
depends on the expected price and on the expected yield . Different farmers 
rr.ay have different expected yields, but for the farmers taken as a whole, 
it is safe to assunie that last year 1s yield is a measure of th is year ' s ex-
pected yield . This is the assumption made here . 
In the numerator we will use the expected yield of the crop under the 
assumption that the higher the yield the more prof it that a farmer ex?ects 
to make; therefore , the larger the area he is go ing to plant of that partic-
ular crop . 
For the denominator we will use the expected yield of a compet ing cro?. 
The competing crops are the same that the ones used in the r elative price 
ratios . This means that for cotton and corn we will have two ratios of 
relative yields . 
For the reasons stated above , the coefficient of this variable is also 
1In this case the price of wheat will be used with no lag because the 
price is known when corn is planted. 
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expected to be positive . 
Returns per hectare The gross returns per hectare wer calcu-
lated in last chapter (Table 9) and here they will also be used as an in-
dependent variable, specifically, we will use relative returns per hectareo 
The same reasoning used for relative prices and yields will be used her e 
for the deflating crop. 
The coefficient of this variable is also expected to be positive . 
Technological The fact that technology has had a great influence 
in the production of all these crops seems obvious; unfortunately a direct 
rreasure of this variable such as fertilizer consumption, or yield increase 
due to better seeds was not available for this analysis . An increase in 
technology is reflected in higher relative yields, therefore, technology is 
represented here through yields and returns per hectare. These variables 
were already ment ioned. 
Institutional This analysis covers a short period of time, there-
fore institutions nay be assumed constanto Nevertheless, in our price var-
iables we introduced lagged area as an independent variable . This variable 
could be considered as a measure of government policy, tradition or fixed 
factors of production. Then, this variable is measuring two different 
things: the effect of previous prices, and the effect of some traditional 
variables. So it can be considered institutional as well as an economic 
variable. 
Variables ~ the mode 1 
Based on the discussion above the following independent variables, X's , 
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were fitted in the rr.ultiple regression model. 
\·:heat 
x
1 
Q price of wheat deflated by the price of cotton, lagged one year . 
x -2 price of wheat deflated 'oy a wholesale price index, lagged one year . 
x
3 
• area harvested of wheat lagged one year . 
x4 a area harvested of wheat divided by the total area available in the Valley for cultivation, lagged one year . 
x5 • yield of wheat deflated hy the yield of cotton, lagged one year . 
x6 D water in the dams October 1 . 
x 
7 
• r evenue per hectare of wheat cieflatec hy the revenue per hectare of 
cotton. 
Cotton 
A price of cotton deflated by price of wheat , lagged one year. 
- price of cotton deflated by pr ice of corn, lagged one year . 
x
10 
~ price of cotton deflated 'oy a wholesale price index, lagged one year. 
x
11 
• area harvested of cotton, lagged one year . 
area harvested of cotton divided 'oy the total area availabl e for 
cult ivation in the Valley, lagged one year . 
yield of cotton deflated hy the yield of wheat, lagged one year . 
yield of cotton deflated by the yield of corn, lagged one year . 
x15 • water in the dams March 1. 
Revenue per hectare of cotton deflated by the r evenue per hectare of 
wheat , lagged one year . 
Corn 
price of corn lagged one yeat' defl:ited by the price of wheat with no 
lag . 
price of corn deflated by the price of cotton, lagged one year . 
x • 
22 
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pri ce of corn def l ated by a wholesa.le price index, lagged o.:-1e year . 
ar ea harves ted of corn l a[Jged one year. 
area harvested of corn div i ded by t he t otal area available f or cul-
t ivation i n the Val ley, l agged one year . 
yie l d of corn l agged one year defla t ed by t he yield of wheat with no 
l ag. 
yiel d of corn deflated by t he yiel d of cotton, lagged one year . 
i..,ater in the dams August 1 . 
area harvested of whea t. 
revenue per hectare of corn deflated by the revenue per hectare of 
~heat, lagged one year . 
As it was said earlier, there are two dependent variables for each 
crop : one the r elative area; and the other, the total harvested area of the 
crop. The same independent variables were used for both equations with the 
exception of variables x
3 
and x4; x11 and x12; x20 and x21• Only one of 
these variables, the relevant one, was used for each case . 
All the numerical data used for this analysis is the one r eported by 
the Secretaria de Recursos Hidraulicos (2). Most of this data is shown in 
the preceding chapter. The years included go from 1953 to 1966. 
Resul ts and discussion 
The equations were solved by the stepwise regression methodo It con-
sists in selecting by some criteria a subset of the variables which very 
often are the rr.ost importants . All the variables were not fitted at the 
same ti n:.e , several runs were IrBde . 
t-!heat All the signif icant r esults of the regression analysis for 
wheat ar ea response functions are shoi..m in Table 11 . 
hh 
Table 11 . Yu.qui Va lley, 11.exico. Area 
the years 1953 to 1966 
y P. 
1 Y1 2639 
2 Y2 14.1 
3 yl 60523 
4 y2 24 
Y • dependent var iable . 
Y1 • tot~l area . 
Y2 • relative area . 
A • constant term. 
B 
9ii535 
33. l.i 
113452 
57. 7 
B • regression coefficient . 
s . d. • standard deviation. 
e - elasticity of ar ea response . 
x - independent var iable . 
r esponse funct ions for wheat for 
Sod• x e R2 
27.?02 X5 . 98 .64 
12.4 X5 . 74 .52 
56737 X7 .51 . Jl 
27. 1 X7 .57 . J4 
• yield of wheat deflated by the yield of cotton, lagged one year . 
• revenue per hectar e of wheat def lated by the r evenue per hectare of 
cotton. 
R2 • correlation coefficient . 
For all the equat ions solved for wheat , the only significant coeffi-
cients were the ones corresponding to variables X5 and x7, which ar e r espec-
tively r elative expected yiel ds and r elative expected r et urns per hectareo 
In both cases t he deflating commod ity is cotton. 
The correlation coefficients in Equations l and 2, the equat ions having 
variable X5, were .64 and .52 r espectively. They ar e not so low if we con-
sider the fact that ther e is only one variable in those equations . The e-
lasticity of ::.quation 1 is almost equal to the unity, this means t hat the 
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farmers are yield responsive, and if yield is also a measure of income, 
they are income r esponsive. 
The fact that the coefficient of variable x7 was significant further 
proves that wheat producers ar e income responsive . 
The coefficient of the r elative price variable did not come out signif-
icant in arry of the runs . By observing the data we can see that when the 
relative price goes up, the area harvested of wheat increases, but there is 
no responsiveness to downward price movements except when they are accompa-
nied by a relative yield decline. 
The variables r epr esenting the lagged dependent variables did not enter 
the solution, not only for wheat, but for any crop. This could be inter -
preted as meaning that producers do not r eact to prices lagged more t han one 
year. This means that if there is pr ice r esponsiveness is only in the short-
run and not in the long- run. It also means that for this period of time in-
stitutional variables such as government policy, tradition, etc . rray be as-
sur.::ed constant or that their changes have not been significant to affect the 
area harvested of the crops. 
The coefficient of variable x2, the price of wheat defl ated by a whole-
sale price index, was not significant. This variable was not s i gnif icant 
either for any of the two other crops . The "real11 price of the three crops 
has had a decreasing trend while t he area has been increasing . The r eason 
for this could be that the effect of this variable is overwhelmed by the ef-
fect of increas ing t echnology for growing the crops; so even though the 
"real" price is declining, profits rray be constant or even increasing a lit-
tle . 
We can conclude from the r egression analysis r esults and by close ob-
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servation of the data that wheat producers do not, in the short- run or in 
the long- run reduce plantings significantly in response to srrall relat ive 
price reductions; and there is no evidence that they will increase plant-
ings due to relative price increases if relative yield increases are not 
present. But I think that it would be incorrect to conclude that price was 
not an important consideration in farmers decision making process, but the 
direction and extent t o which farrr.ers respond is influenced by a rr;ost diver se 
set of conditions . If a small r eduction of relative price exist, farmers 
rray want to plant the same area of wheat because they st i ll could rrake rr~re 
money than from other crops or could balance their rotation better, or be-
cause of the greater yield certainty. 
The coefficient of water supply was not significant, this means that 
the quantity of water in October 1 has not been an important deter minant of 
the area planted to wheat . 
Cotton The area response functions for cotton are shown in Table 12. 
Cotton producers were found price, yield, and revenue responsive. The 
coefficients of the variables Xs, x13, and x16 were highly significant . 
These variables represent : price of cotton deflated by the price of wheat, 
lagged one year; yield of cotton deflated by the yield of wheat, lagged one 
year; and revenue per hectare of cotton deflated by the revenue per hectare 
of wheat, lagged one year . 
Equation J, the one having total area planted of cotton as the depend-
ent variable , has a significant coefficient corresponding to variable x15 
which r epresents water on the dams on 1.ljarch 1. This is consistent with the 
fact that the area of cotton is sometimes restricted because of the high r e-
quir ements that this crop has for water . 
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The coefficient of the r elative price:: variable and of the relative 
yield variable having the ?rice and yiel d of corn in the denominator. were 
not significant, this further proves that the r eal corr.peting crops in the 
Valley are wheat and cotton. 
The coeff icients of water available in the equations of relative area 
were not significant; and they were not signii"icant for the cases of wheat 
or cotton e ither. This means that the r elative area planted of these crops 
does not depend on t he water available on those specific dates . But the pos-
sibility is still open for the fact that another measure of the water would 
prove significant. 
The corre lation coefficients of Equations 1 and 2 are . 76 and . 77; they 
are rather high considering that only one variable, x13, is explainin~ three 
fourths of the variations in hectar es planted. The elasticity of this vari-
able is gr eat er than one , emphasizing the importance that relative yields 
have in the production of the crops in the Valley. 
Corn ?or corn only one equation for each dependent variable was 
found significant, but each of those equations contains two variables . This 
is seen in Table l)o 
The coefficient of variable x17, price of corn deflated by price of 
wheat, was highly signif icunt f or both equat ions. Therefore, corn producers 
are also price responsive . 
The variable r epr esenting the area harvested of wheat, x25, has a sig-
nificant coefficient; and the water on the dams variable did not enter the 
solution. This means that the ra in decision to grow corn depends on the 
area that can be double cropped after wheat. This is consistent with the 
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fact tha t corn is mostly used as a doubl e crop i:l a wheat- corn-cotton ro-
tation. 
The coeff icients of the yield and r eve nue variables were not signifi -
cant . The variability of both of these variables is very large; this is a 
consequence of fast i ncreasing yields and of some drast ic changes in yield 
in some years due to weather conditions . This very lar ge variability rrade 
the effect of variables x22, x23, and x26 very inconsistent and not sign if -
icative in the area harvested of corn. 
The correlation coefficients of . 83 and . 82 found for the corn equa-
tions wer e the highest found for acy equation, and with one exception for 
Equation 3 of cotton they were the only equations with two variables . 
The significant independent variables explaining the changes of the de-
pendent variable total area were the same explaining the changes in relative 
area; wi th only one exception, Equations 3 and 4 of cotton. ~o in this 
sense the results ar e fairly consistent . 
A tirr.e series reode l cannot explain completely the agricultural produc-
tion behavior . Cross- section analysis based upon farm size, far m speciali-
zation, and land tenure system should also be conducted to understand better 
the r esponse pattern of the different producers to the various economic as 
well as other categories of independent variables. 
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CHAPTER V. rnPROVIl\'G THE VALUE ?RODUCTIVITY OF THE VAL~ry 
There is a need for planning at the r egional level in accordance ~-rith 
national goa ls in order to irax imize the production of the Vall~; , a nd to 
rraximize the utilizat ion of fixed scar ce r esources of the Valley such as 
land and water. There is also a need for optimizing the product ion at the 
farm level, i . e . planning the production of each farm considering the re-
sources of each indiv idual pr oducer . 
TI1e objective of this chapter is to make some r econunendations about r e-
search needed to help maximize the value of the agricultural product of the 
Yaqui Valley. 
National aoals 
Mexico's agricultural goal is no longer mer e ly to increase total pro-
duct ion. Now t here is a need t o adjust the supply of each agricultural co~-
WDdity to its market dewand. There is also a need to increase the produc-
tivity of the different resources such as labor, irrigation ·water, and cap-
ital . Each r egion should produce that commodity in which it has a compara-
tive advantage, i . e . r egions with abundant labor should produce labor - in-
t ensive products, r egions in which irrigat ion -water is expensive should pro-
duce crops which y i el d a high marginal value product for -water. This ration-
ale should be used for all the r esources . 
To better understand the importance of the problem mentioned above , we 
wi ll briefly review s ome findings of a study of the projected supply and 
dewand for agricultural commod ities for the years 1965, 1970, and 19751 (13) . 
. lThe study was carr i ed out under agreement signed by the Mex ican l·:in-
1stry of Agriculture , t he Economic Research Service of USDA, and the Bank 
of Mexico, and was sponsored additionally by t he Mex ican Ministry of financeo 
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Table 14 shows that supply and demand for crop output as a whole in 
1970 and 1975 will be very similar . Therefore, it can be said that crop 
production taken as an aggregate will be suff icient to meet the pro j ected 
domestic and foreign demand . 
Table 14. T-':exico. Balance of output and demand for crop products for the 
years 1960, 1965, 1970, and 1975a 
OUfPUT AI\D MILLIONS CF PE.Sosh 
DEJ.!AllD 1960c 1965 1970 1975 
Crop out put 16, 464 20, 004 24, 367 28,214 
Cro;i demand 16, 714 19, 860 23,921 29,055 
~urplus or def icit - 250 + 144 + 445 - 841 
Surplus or deficit as a 
percentage of total derr.and - lo50 + . 73 +1. 86 - 2. 89 
asource: Bank of Mexico, office for the study of agricultural projec-
tions. In (13). 
bAverage 1958-1960 farm prices . 
c1959-1961 average . 
If we look at the projected supply and demand for specific crops(Table 
15) we see that there are very significant imbalanceso 
Transfor ffiing the def icits and surpluses of projected output in terrrs of 
area harvested (Table 16), we find that, given the foreseeable changes in 
average yields, there would be enough land available for deficit crops if 
taken away from surplus crops. This allocation is subject to the r estric-
tions deriving from technical (agronomic) as well as economic and social 
factors. 
It has been shown that the three most important crops in the Yaqui Val-
Table 15 . 
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r-:exico . surplus (+) or deficit ( - ) of 
group of products of projected supply. 
percentage of total demanda 
PRmucr~b 1970 
Vegetables - 15 
Fruits - 16 
Oilseeds - 8 
Sorghum - 9 
Chickpeas - 26 
Barley - 16 
\~heat + 37 
Rice + 10 
Beans + 10 
Coff eec + 17 
a::,ource: (13) . 
specific products or 
Numbers r epr esent the 
1975 
- 24 
- 25 
- 19 
- 11 
- 36 
- 15 
+ 32 
+ 22 
+ 19 
+ 10 
bCorn and cotton do not appear because the relatively small surpluses 
of these two products are not considered significant. 
cAllowance has been nade for foreign demand. 
Table 16. Mexico . Surplus (..-) and def icit (- ) of crop output expr essed in 
hectar es harvested in 1970 and 2975a 
1970 1975 
Surplus 1,044, 000 960, 000 
Deficit 379, 000 675,ooo 
+ 665,000 + 285, 000 
a (13) . ~ource : 
ley are wheat, cotton, and corn. Corn and cotton will not have significant 
surpluses, but it will be inter esting to take a close l ook at the pr ojec-
tions for wheat . This is important because of the effect that the national 
projections of th is crop can have on the production pattern of the Valley. 
Area harvested of wheat, according tc the projections (13), will ex-
ceed the r equirements for domestic demand by 291, 000 hectares in 1970 and 
by 272, 000 hectar es in 1975. In tons, this surplus is equal to 734,600 
tons and 794,000 tons r espectively. 
The poss ibilities of exporting this crop are not good because some 
countries (such as Pakistan and India) which were potential importers are 
becoming self- sufficient and rre.y even export wheat in the future . Also 
other countries (such as Canada and the United ~tates) can produce this 
crop at a lower cost and export it with more favorable economic conditions 
than can Mex ico . 
Planning at the national level 
We have seen that there are projected defic its and surpluses of agri -
cultural products and that the possibility of exporting t hat commod ity, 
wheat, with the largest surplus, is not good . Therefore, technological and 
economic r esources must be allocat ed among r eg ions and among crops to adjust 
the future supply of agricultural commodities to meet the ir projected narket 
demand. 
It is suggested here that p~oduction should be a llocat ed among regions 
by some method. This can be a simple method, or a more sophisticated linear 
pr ogr amming method. Whatever the method, the i deal would be one consistent 
with the comparative advantages of the different agricultura l producing r e-
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gions . Optimal allocat i on de.rrands concentrat ion of inputs to the mor e r e-
sponsive crops, r egions and producers . This may cause welfare problems of 
income d istr ibution. However, other methods of achieving social justice 
and general welfare should be considered in order that departure from econo-
mically optimal a llocation of resources can be minimized . 
Jl:aximizing the production of the Valley 
We have seen in a general way what ar e the national goa ls, and we can 
conclude that it is i mportant that production of the Yaqui Valley be planned 
in accor dance with these goals . It was also suggestt:d that national 
agr icultural production be planned by some method considering the compara-
tive advantage of each specific reg ion. 
The r esults of such a plan cannot be ant icipated due to a l ack of in-
formation about production possibilities in the di ffer ent r eg ions and to 
the r est rictions dictated by social factors . ~uch a plan could cal l for 
either increasing or decr eas ing the area of any commod ity in the Valley, in-
cluding wheat, cotton, and corn. It could call for increasing the produc-
tion of other commod ities with foreseeabl e def icit such as feedgr a ins, oil-
seeds , and vegetables . Most of these crops have been gr own in the Valley 
at one time or another as shown in Table 2; therefor e, there is no agronomic 
reason to impede an increase in the ir product ion if the economic analys is 
suggests it . 
Planning the production of the Valley 
It is of common knowledge that one cannot f ul ly control t he level of 
agricultura l product ion. The output of differ ent crops is gr eatly affected 
by weather, pests, and other factors not completely under human control. 
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But by having a notion of the production response of the different agr i-
cultural regions, it is possible, in accordance with a plan, to find ways 
to increase or reduce the area and output of arry particular crop espec ially 
those crops which are more responsive to economic factors . 
Based on the analysis of the production of the Valley in previous 
chapters and in other observations and deductions, we will discuss some 
alternatives for influencing the production of the Valley . This analysi s , 
however, is not exhaustive - other alternatives are available . 
Increasing the production of arry crop can be achieved by increasing 
yields, area, or both. To incr ease the area harvested of a specific crop, 
we may increase the total harvested area of the Valley or increase the pro-
portion of the area planted with that crop, i . e . decreasing the ar ea of 
other crops ; this relative area of arry crop can be influenced through rela-
tive yields and relative prices, as we have seen in our analysis in the pre-
ceding chapter . Increasing yields has a two-fold effect in the pr oduction 
of a crop - one direct, and the other indirect (by incr easing the r elative 
yield of a crop and thus the area harvested of that crop. ) 
We will look with a little more detail at these possible alternatives . 
Increasing total ~ harvested There is no foreseeable possibility 
of opening new land in the Valley, but there is the poss ibility of increas-
ing the total harvested area by double cropping a larger portion of the avail-
able irrigated area . The limiting factor is water . We need to use and al-
locate this scarce factor in the best way possible . 
In allocating this scarce factor, the choice is to use it either to in-
crease yields or to extend the area of double cropping . There is also the 
choice of growing crops with different r equirements of water . 
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The production function is not known to us and no exact conclusions 
can be drawn at the moment with respect to water for any specific crop grown 
in the Valley. Nevertheless, it ~ill be useful to look at the following 
a:'lalysis based on the fact that theoretical and empirical evicence suggests 
that the ~ost appropriate function for relating yields to successive in-
crements of water is one of the general forms shown in Figure 11• 
Production functions of this classical type which include ranges of 
increasing, decreasing, and negative rrarginal returns can be divided into 
three stages as shown in Figure 1. 
If the resources ar e used in such a way that production takes place in 
Stage 1, then this is an irrational production in the economic sense becaus~ 
returns can always be increased by applying a greater quantity of variable 
resources to the fixed factors . If more var iable inputs are not available, 
we still can increase the product by leaving idle part of the fixed factors 
i . e . land. In Stage 3, production is also irrational for the same reasoning 
resources (In this case the variable resources) can be left idle with the 
effect of increasing total product; in other words, variable factors should 
not be appl i ed in excess . Even without prices for the inputs and products , 
it is evident that Stage 2 is the economically r ational area of production 
(8, pp . 90- 92) . 
In the special case of a resource having a zero (or almost zero) op-
portunity cost, then the economic price of this resource is zero and to 
rraximize prof its we should equate its nar ginal product to zero . Ther...!fore, 
if water were a free good, production should take place at the end of Stage 
1This analysis is similar to the one used by Falcon and Gotsch (5, pp. 
21- 27) . 
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TPP • Total physical product curve 
APP • Average p~ysical product curve 
MPP • ~.arginal physical product curve 
Figure 1. Production function which includes increasing, decreasing, and 
negative marginal returns 
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2, Point b. A similar argument holds for the f ixed resource; and i ts rrar -
ginal product is equal to zero at the beginning of Stage 2, Point a , or 
the point of maximum aver age product . of the variable input . If land wer e a 
f r ee r esource, pr oduction should take place at Point a . 
In situations wher e large areas are left without being doubl e cropped 
each season f or lack of water, land is a r elatively 11freeu input during 
that season. Then it can be argued that in the Valley the amount of wat er 
appl i ed per hectar e should be restricted in order that mor e hectares can be 
harvested (doubl e cr opped) . 
The usefulness of the preceding analysis requires knowledge of the pro-
duction function of the specific crop with respect to water. Research done 
by agronomists has been concerned ITEinly with the problem of deter mining 
the amount of water r equir ed by pl ants to maxi mize yields per hectar e (Point 
b) . The econo~ic allocation of water in the Valley has to be studied with 
mor e detai l . The salinity problem which can be created by t he r estr icted 
use of water should also be cons i dered. 
Increasing relative ~ of specific crops The following alter na-
tives for increasing the relative area of specific crops will be considered: 
1) direct, restricting the ar ea planted of some crops by controlling 
irrigation water , 
2) influencing relative prof i tabil ity through: 
a ) r elative pr ices 
b) credit 
c) input prices 
d) relative yields 
Direct It was pointed out earlier that water is essential for 
growing arry crop in this area. With the exception of a few irrigation wells, 
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all the water comes f rom the dams and is controlled by the Cornite Directi-
ve Asricola . The maxi mum area harvested of aey crop in the area can be 
controlled with a very close degree of precision. The committee has in fact 
used this water power to control production in the area; and it seems that 
this mean is going to be used frequently in the future. If this is so, then 
the Comite Directivo Agricola should be a democratically based local body 
so local interests of every type of producer be considered when influencing 
production to achieve national goals . 
Relative price of products Another alternative for influenc-
ing production, or more specifically changing the relative area planted of 
each crop, is changing the relative prices of the products . It was mention-
ed before that support prices exist or have existed for some pr oducts in 
the Valley; therefore, we can say that this policy has been used in Y~xico 
with fair results. 
The relative price of some specific products can be increased 'Dy lower-
ing the support prices of other crops; for this region, it would be speci~i­
cally to lower f urther the support price for wheat which is the only one of 
the major crops with a support price. The immediate impact of this action 
would be that the farmers in the Valley will be faced with sudden losses due 
to the low flexibility of some factors of production such as special ~achin­
cry for wheat harvesting and the knowledge of the farmers to grow this crop. 
The long- run impact of this policy would be that a region which has been 
proved relative efficient for producing wheat will not produce this crop at 
a large scale anymore. 
The relative prices may also be increased by providing relative high 
support prices for the specific crops for which we want an increase in pro-
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duction. In the case of the Valley, it would specifically ffiea n to set a 
high support price of f eedgrains , vegetables, oilseeds, etc . Or' i f the 
i..rheat product ion is wanted to be increased this would call for raising its 
price again. 
When the national plan was discussed, it was said that the allocation 
of resources should be rr.ade in accor dance with the comparative advantage of 
each region. The same principle applies to the allocat ion of incentives 
between r eg i ons . Economic incentives such as support prices should be used 
to allocate in an economically efficient rranner agricultural production. 
Soree other ways of distributing income may be used to increase social wel-
fare . Otherwise eff icient production of a given crop in a given ar ea is 
discouraged while it is being encouraged in some other region that rrray have 
a comparative advantage in producing some other cr op, or rray use its r e-
sources to produce some non- agricultura l product. 
To give rrore emphas is to the preceding discussion, it is i mportant 
that we state again the fact that the guaranteed price for wheat has been 
lowered in the Yaqu i Valley, and in all the Northwestern region of Jl'exico . 
This measure which was probably aimed at obtaining more equitable distribu-
tion of income as well as lowering the production of wheat may have some e-
canonic consequences which are not desirable to the country . The agricul i::ur'-
al r eg ion of El Bajio1 which is closer to Mexico City than the Northwestern 
region, probably has a compar ative advantage for producing fruit and vege-
table cropso But contrary to economic principles , wheat production is be-
1This region is in t he central part of Mexico, includes nBinly the 
states of Jalisco, Guanajuato; and parts of other centr al states . 
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i ns encouraged through higher r elative prices as compared to the prices in 
the Northwestern region; and as a consequence of this policy, vegetable and 
fruit producti on is being discouraged . 
If wheat production is wanted to be lowered to keep surpluses at a 
minin:um level then the guaranteed price for this crop should be lowered in 
the Bajio , or raised in the Northwestern or a combination of both pol icies 
that will give higher relative price for this crop in the Northwest . This 
action would not only result in an increase in product i on of wheat in the 
Northwest where the yields of this crop have been higher, but it will lower 
the wheat production in the Bajio thus keeping the surpluses of this crop 
at a minimum. It will also encourage an increase in vegetables and fruits 
production in the Bajio and these products have a very good potential mar-
ket in all the central area of Mexico . 
There are great possibilities of influencing production by the use of 
guaranteed prices to change the relative prices of the different crops and 
of the different regions; but the production possibilities of each region 
should be studied better so production is guided in the proper direction. 
Production r esponse studies of different crops in different regions and by 
different groups of producers are urgently needed in order that relative 
prices can be more eff iciently used to influence production. 
Credit The use of credit facilities and promotion progra~$ to 
encourage the production of spec ific crops can be lliore intensively used than 
it has been. These policies have the greatest potential use in the ejido 
and s rrall farm sectors, fevT if arry of the farmers in these sectors are able 
to finance completely their farming operations and their sources of credit 
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are limited. The princ ipal sources of credit of these two sectors are the 
Ebnco Nacional de Credito Ej i dal and the Banco Nacional de Cr edito Agricola 
y Ganadero. These two federal banks can use t he credit policy to increase 
the production of cer tain crops by giv ing special credit facilities for the 
growing of specific crops thus increasing the area planted of those crops; 
they can also encourage the adopt ion of yield increasing technologies which 
will also increase the production. The long- term credit for invest~ents 
that uill not yield i mmediate returns have been neglected; this kind of cred-
it 1.-rill have to be caref ully consider ed if the production of fruits or 
dairy and poultry products is wanted to be incr eased . 
Inout prices Changing the r el ative price of inputs to raise 
the production of some specific crops would almost necessarily mean to low-
er the price t hrough subsidy of some non- tradit ional inputs, such as ferti -
lizers and improved seeds . However, the extent to which farmers use t hese 
r elativel y new forms of input is not only dependent on their relative pr ice, 
but it depends on their physical productivity and the price of the products 
as well. This will be discussed with rr.or e deta il latter in t h is chapter . 
The path of action which has been followed and should be continued is to 
increase the productivity of these inputs through r esearch and technical 
i mprovements . This policy has included subsidization of price of pr oducts 
but the prices of inputs have not been subsidized. The r esults have been 
good v i ewed by the fact of the increase in yiel ds due to the wide use of 
fertilizer, pesticides, and i mproved seeds in the Va l ley . Therefore, r e-
search on increas ing the procuctivity of these inputs should continue and 
orices should not be subsidized in order th.at they ar e used in the proper 
annunt . 
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The price of water offers a poss ibility for controllino product ion; 
it could be lowered for some crops to encourage their production, however , 
the direct approach of influencing product ion through the use of water, 
which has alrea~y been discussed, is pr eferred because it is easier to ad-
mi~ister and does not affect the cost r elationships which rray lead to in-
effici ent pr oduction. The price of water r epr esents a good medium for the 
~overnn:ent agencies to collect taxes or other forms of payrr.ents for dif-
f er ent investments done to i mprove the productivity of the Valley. It is 
important to emphasize t he fact that this resource should r ece ive t he proper 
economic price for its use to be opt irral . It should be priced consider-
ing its best use and its mar ginal productivity. In other wor ds the opportu-
nity cost of this resource should not be negl ected when the price is dec id-
ed . To set this price, specific r esearch on the productivity of wa t er con-
s i dering the differ ent pr oducts anc the different combi nation of inputs 
should be conducted . Linear prograrraning studies of the use of water and 
other scarce inputs would yield the 11 shadow price" or marg inal value pro-
duct of these inputs and thus an economic proper price can be set . 
Increasin~ total and relative yiel ds He have ment ioned that yiel d 
has a double effect in production end we will discuss both in this section. 
We have to start by accepting the fact that the yie ld trend will con-
tinue to go up because of the agronomic poss ib ilities for r esearh and im-
prove~ent of crops; and because of the economic infrastructure of the r eg ion 
and t he rr.ar ket oriented producers . The r easoning is as follows : crop 
y i elds ar e r.a inly a function of technology and weather in the short- run, 
therefore, the farmer has a few possibilities of contr olling year to year 
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changes in response to changes in economic factors. In the long-run, yiel d 
increasing techniques lower the cost per unit produced, then farmers will 
continue to use them. Assur.iing that research continues in some crop the 
higher yi<!ld trend will also continue. 
If production of specific crops is wanted to be increased through higher 
relative yields, then research in techniques that will increase the rela-
tive yields of that crop should be conducted . Specifically for the Valley 
if the production of feedgrains , oilseeds and vegetables is wanted to be 
increased then the approriate research should be done to make the yields of 
these products economically acceptable when they are compared with those of 
wheat or other accepted crops in the area . 
It was said that the yield increasing trend can be assumed to continue 
to go up if research is continued. But this would not have to be true if 
r esearch is oriented towards another direct ion, such as lowering the cost 
of production per hectare, even if this means lowering yields. This measure 
would hel!) to lower pr oduction without lowering the area harvested. For 
wheat some of these cost and production reducing techniques woul d be: The 
limited use of water per unit, as expla ined before, or the use of chemical 
substances instead of some more expensive mechanical practices for tillage. 
The research in CIANO could be oriented toward this way without significantly 
greater increase in research resources . 
Plannino the production at the farm level 
~- -~ ~- -~- -~~ 
To improve the value productivity of the Valley, the profits of each 
producer should be maximized . The production of a farm should be planned by 
some method to allocate as best as possible the resources of each producer . 
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The scarce resources or restrai~ts of the different producers do not 
necessarily have to be the same. In some cases the limiting factor would 
be good marogement; in other, c<lpit-al or both, and so on. A linear ;:Jro-
gramrn.ing rr.odel would probably yield the right allocation of these resources 
affiong competitive enterprises . There is also need for better use of fer-
ti lizers, not use it to maximize physical product but to maximize prof it . 
Linear programming model There are a number of different rotations 
in the Valley that can be used by the individual farmer and because the pos-
sibility of double cropping the interrelations of the differ ent crops is 
not well defined. It rray be that the only way that farmers could plan their 
production to take advantage of the di fferent combinations of products would 
be by the use , at the farm level, of linear progr amming methods. To use 
these ;r_ethods, it j s required that rr2aningful coefficients for each pr oducer 
be available and it is also necessary the use of sorr£ con;puter device to 
perform the calculations . If the use of these methods are introduced and 
partially subsidized by some government agency, and they prove to be success-
ful , then the method will spread throughout the Valley like the use of fer-
tilizers and improved seeds have . When this happens, farmers will have an 
incentive to obtain meaningful coefficients and they will become mor e avail-
able. Also the total fixed cost of an electronic computer wil l be spread 
through a large number of farms, thus lowerino the per unit cost . 
Use of fertilizer , water , and other var iable inputs The use of fer-
tilizer, insecticides, herbicides, and other variable inputs such as these 
are widespread in the Valley . When the economic use of them is discussed, 
the same principle applies as for the use of other variable inputs such as 
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hired labor and water . 
The production function shown in Fi9ure 1 and the d iscussion given of 
it applies t o these inputs; therefore , we know in what stage we should use 
them to be rationalo Nevertheless, we donot know in what po int of ~tage 2 
we should produce . We wi ll use a hypothetical example to show how fert.i -
lizer (or other var iable i nput ) should be used when the law of diminish i ng 
r eturns holds. 
Let us suppose that the follow ing data was available showing t he pro-
duct i on function of one hectare of wheat wi th respect to addi t ional equal 
amounts of fert il izer application. See Table 17. 
Table 17. Hypothetical data of cost and value added by increasing the a -
mount of fertilizer in one hectare of wheat 
COLm1N 2 3 4 5 6 7 
AMOUNf YIELD .AMOUNf COST OF VALUE ADDEDa 
CF OF ADDE~O FERTILJ2ER 
FERTILIZER 1.frlE.AT Y -IE - ADDEDc PRICE. I d PRICE IIe 
_KG,./HA . KG . /HA.. KGeo /HA o PESOS PESOS PESOS 
0 10()0 
1 20 2000 1000 180 500 1000 
2 40 2700 700 180 350 700 
1 _, 60 3150 450 180 225 450 
4 80 3450 300 18o 150 JOO 
5 100 3650 200 180 100 200 
6 120 3800 150 180 75 150 
a._ . 
J•,ar g1nal revenue . 
b,, . 1 1·1arg1na physical pr oduct. 
'1-:arg i nal cost. 
dPr. ice I • $500 pesos per ton of wheat. 
ePrice II • $1000 pesos per ton of wheat . 
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Two different hypothetical prices for wheat are used to show the irn-
por'Wnce that the price of the product has over the use of the input . 
If the farrr.er in question has unlimited ca;::>ital, i . e . he can buy all 
the fertilizer he wants , t hen he will want to use the amount that rraximizes 
prof its for him. He will then add fertilizer as long as the revenue is 
greater than or equal to the cost of doing so . The first 20 Kg. of ferti -
lizer with the price at $500 pesos per ton of wheat adds .$500 pesos (Col-
umn 6) with a marginal cost of only $180 pesos (Column 5); then the second 
20 Kg . adds $350 pesos with the same marginal cost, the third 20 Kg . adds 
less with still the same cost. The reason of this is that we are assuming 
constant cost of the input and diminishing marginal returns. With the same 
price, $500 pesos per ton, the fourth package of 20 Kg . adds only $150 pesos 
with a cost of $180 pesos. So, with these given prices, it is not profit-
able to add any more fertilizer even if the total product is still increas-
ing . The point of maximum economic efficiency is between 60 and 80 Kg . of 
fertilizer where thP. value added (marginal r evenue ) is equal to the cost add-
ed ·(margJnal cost) . However, if the pr ice for wheat wer.e SlOOO ?esos per 
ton, not only the 80 Kg . are profitable but even 100 Kg . because the value 
added is $200 pesos (Column 7) with a cost of only $180 pesos. Therefore, 
no standard rate of fertilizer can be r ecommended for all time; this will 
depend on the yield response to fertilizer that each producer obtains in 
its farm as well as in the price of the crop in question and the cost of the 
fertilizer and its appl ication. When the price of the product or the price 
of the i nput changes, the rate of appl ication of fertilizer should be 
changed accordingly . 
The same princ iple applies for the fertilization of any crop as long 
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as the capital is unlinited for the far~ers . And the same principle also 
applies to the use of other variable inputs such as water and labor as long 
as the amount of it is not fixed. 
In a preceding analysis we discussed the water as being a fixed factor 
and this is true for the region as a whole; but here when the use of it is 
discussed for each individual, it can be considered a variable input such 
as fertilizer because once the farrr.er is permitted to grow a crop by the 
Comite Direct ivo Agricola , he has the right to use a ll the water necessary 
to irrigate it. 
If the capital of a farmer is limited, then the allocation princi?le 
changes to some degree . The limited fertilizer that the farmer can buy 
should be spr ead among all the hectares of that crop, and among all crops 
in a way that total value of production is naximized for the g iven fixed a-
mount. Then the fertilizer should be allocated in the places wher e the vai-
ue added (marginal r evenue) is greater; this is the principle of opportuni-
ty cost which tells you always to use a unit of resource where it makes the 
greatest addition to the value of production. This princ iple not only holds 
for fertilizer but for the allocation of any scarce resource among al l com-
petitive activities. Included here is the allocation of the farmer's time 
among all the enterprises that he can perfor m. 
The fact that the law of diminishing returns holds in the Valley should 
not be a surprise to anybody; nevertheless, there are producers who insist 
in obtaining the n:a.ximum yield without considering the cost of doing it. 
I::aximum product should be obtained when the amount of resources is fixec, 
or when the variable r esource is a free good; but when this resource has a 
price such as fert ilizer, the value added of each unit should always be 
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weighted against the cost added . 
He mentioned the fact that the O!)timal r ate changes with change in 
pr ices , the same is true for a change in the production function; and t h is 
function changes constant ly with changes in weather, technology, and 
changes in other inputs. 
The study of the product ion funct ions of different crops with regar d 
to differ ent inputs would help the farmers as well as the extensionists to 
know the amount of fertilizer, water, and other variable inputs that should 
be used to maximize prof its . 
~tructural r estrictions 
He plan to d iscuss here the land t enure system as a structura l r estric-
tion for efficient allocation of r esources . 
even in a commercia lized and progr ess ive type of agriculture such as 
the Yaqui Valley, good farm rranagement is a scarce factor . Good nBnagement 
is not only scarce, but the oppor tunity cost of his labor is very low given 
that hi r ed farm labor is not expensive and that it is able to perform most af 
the f ar m work, inc4.uding the operation of rrachines . 
This problem of scarce 11 good management" can be solved considering it 
as arr:y other input. Then, the solution would be either to spread this 
scarce factor in order that productivity can be max imized, or to increase 
the supply of it. 
In the second chapter we mentioned the forms of l and t enure in the Val-
l ey and the def inition of e jido i mplies that i t cannot change nanagers . An 
e j i datario, even if he is ineff icient, i s going t o stay in agr iculture . 
The only poss ibility of improving farm management in the e jido is by train-
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in9 the e jidatarios and their sons, who are go ing to be the future rr.anagers, 
as best as ?OSsible . If there is excess good rr.anagement in any e jido) then 
it is wasted because it cannot expand in area . The ir farms can grow in 
other senses, but this is a lso r estricted by the limited capita l r estric-
tion on the cred it policy by the Banco de Credito Ejidal . 
In the private ownership for;;: of l a:td tenure, we have the same problems 
fpr spreading 11 good management, 11 farms can not extend over the area 
set by the l aw. There is also a problematic situation for the farms to 
change owners or managers due to the very high rent of the land. This high 
rent was partially created by the irrigation projects and support prices . 
So here we also have the problem of inefficient managers staying in agri-
culture even though the problem is not as accute as in the ejidal sector . 
The possibilities for excess llgood management" to extend is to intensify 
the production pattern of the farm while this intensification is profitabl e. 
There is also the possibility of engaging in other enterprise, but there i s 
always the problem that farmers that are very eff i c ient as crop grower s 
will not be as efficient in some other enterprise. 
It a lso can be argued that increasing r eturns to scale to the use of 
specialized machinery exist. The use of machinery is necessary in the Val-
ley to harvest wheat and other winter crops in order that the area may be 
available for double cropping . This machinery can be used more efficiently 
over large and continuous extens ions of land. 
We can conclude then that the rigidity of the land tenure system r e-
stricts the efficient allocation of the scarce factor, "good management," 
in the Valley. It a lso fails to take advantage -of the increasing ~eturns 
to scale that can be created by extending the area harvested by t he use of 
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specialized rrachinery. Some possibilities of changing this zxist inR law 
should be studied and d iscussed in detail and then presented to the federal 
government so the right act ions are taken to r emove this obstacle for ob-
tain ing eff iciency. 1 
1 
It is a fact that some actions outside of the law ar e being taken to 
remove this inefficiency. Ejidal land is being leased to private proprie-
tors and there ar e private hold ings which exceed the area dictated by the 
law. 
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CHAPTER VI. S001ARY AND CONCLUSIONS 
This represents a case study of the factors underlying changes in 
agricultural production in the Yaqui Valley. 
The production of this area has had an impressive growth and, general-
ly speaking, production is highly commercialized and based on advanced 
technology. Throughout the history of the Valley, a wide variety of crops 
has been grown but in the last fifteen years the most important ones have 
been wheat, cotton, and corn. 
The growth trend of the three crops mentioned above was calculated 
as well as the factors affecting their growth. This trend was found to be 
positive and significant. It was also found to be a consequence of increase 
in area harvested as well as of higher yields. The increase in area was 
a r esult of a large irrigation project . The factors affecting the increase 
in yie l ds were identified as being: improved seeds, f ert ilization, plant 
protect ion practices, irrigation, and better cultural practices. Unfortu-
nately, the specific effect of each factor was not measured because of lack 
of proper data . The economic climate that pr omot ed the production gro~rth 
was created by various government pol icies which found the righ environment 
in the Yaqui Valley. 
A statistical analysis of the production r esponse, as well as of the 
y ield and area r esponse was intended; however, the available data only per-
mitted the area r esponse function to be estimated. 
1~u1tiple regr ession analys i s was used to est imat e the area r esponse 
function for wheat, cotton, and corn. The r esults wer e not complete.cy sat:-
isfactory; nevertheless, the production, approximated by the area harvest-
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ed, of the three crops was found r espons ive to at least one economic var-
iable . Th is means t hat the agricultural producers are income r espon!;ive, 
when income is measured by prices, y iel ds, or monetary return!; . Cross-
section analysis is necessary to complement this type of study. 
Ther e are various possibilities for improving the economic productiv ity 
of the r eg iono The first step is to plan the agricultural production of 
the Valley in accordance with the national goals and plans . The national 
planning should be done in a vray that the comparative advantage of each re-
g ion is considered . To do this, studies of the production response as well 
as the production possibilities of the different regions are required. 
In the Yaqui Valley, the producers were found income responsive , espe-
cially for crop yields; therefore, production can be nanipulated to ~djust 
to a given pl an b-J the use of t echnologica l research. There are also other 
alternatives to influence the production of specific crops, but the various 
consequences that all of these alternatives may have in the different pro-
ducers should be care~ully considered before using them. 
The allocation of the irrigation water deserves a detailed economic 
study . It is a very important and very scarce factor and it should be con-
sider ed as such. A simple economic analysis for the allocation of thi s re-
source was shown, but specific conclusions can not be derived without the 
proper w-ater pr oduction functions . 
The different possible crop rotat ions offer a very wide range for al-
locating the scarce resources . A linear prosramming model would be t.:.seful 
for choosing the most profitable enterprises of this wide range . However, 
for this method to be eff icie:i.t, an electronic computer is required. J•:ean-
ingful technical coefficients at the farm level are also needed and studies 
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as well as incentives should be directed to obtain them; they are always 
useful r egar dl ess of the planning method used. 
A necessary condition to r..aximi ze prof its at the farm level is that 
fertilizer and other variable inputs are used in the appropial amount. 
Proper research should be conducted to find the input- output relationships 
that exist in the area for the different inputs and crops; and economic 
principles should be applied to obtain the rrDst profitable allocation of 
the r esources. 
The lack of flexibility of the present land tenure system may be con-
sidered as a restriction for an efficient use of resources, and should be 
studied to adjust it to the needs of the r eg ion. 
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